SUMMARY Left cardiac dimensions and an index of left ventricular performance, the percent shortening of the internal diameter (%SID) of the left ventricle, were evaluated in premature infants who were asymptomatic, others with pulmonary disease and others with patent ductus arteriosus (PDA). In contrast to controls, left atrial and/or left ventricular end-diastolic dimensions were increased in all infants with clinical criteria of significant PDA. Postoperative dimensions decreased significantly.
NONINVASIVE EVALUATION of cardiac performance in the critically ill premature infant with PDA and pulmonary disease is difficult and frequently inconclusive. Echocardiographic measurements of left atrial1-3 and left ventricular2 dimensions have provided an index of degree of left-to-right shunting through the PDA in prematures with or without pulmonary disease.
It would be of considerable additional interest to determine an index of myocardial contractility in these premature infants because echocardiographic determinations of the diameter of the left ventricle at its minor axis' and the calculation of the extent or percent of shortening at this internal diameter7"' compare favorably with values obtained by left ventriculography. A diminished percent of shortening of this internal diameter (%SID) correlates well with abnormal myocardial contractility and clinical cardiac decompensation. '5 12 The purpose of this study was to determine the %SID of the left ventricle and left cardiac dimensions in premature infants with PDA. We determined the left cardiac dimensions and %SID in asymptomatic premature infants, in premature infants with pulmonary disease alone, and in premature infants with PDA with or without pulmonary disease.
Clinical Material and Methods
Two hundred and twenty-nine serial echocardiographic studies were obtained in 66 premature infants. Gestation, determined on the basis of maturation index,* ranged from 26-36 weeks. Weights at the time of evaluation ranged from 620-2300 grams. Infants excessively small for dates (length and/or birth weight less than the 10th percentile for 182 quently found to have echocardiographic evidence of left cardiac enlargement, values for %SID were increased. As expected %SID values for individual patients represented a wider range of left ventricular function and/or afterload than for controls. Upon spontaneous or surgical closure of the PDA, %SID returned to normal.
A PDA which is associated with left cardiac enlargement exhibits increased %SID, whereas decreasing %SID in the presence of increased dimensions suggests deteriorating myocardial performance. Echocardiography provides valuable insight into the cardiac status of these infants and may contribute to their medical and/or surgical management.
gestational age'6) were not included. During the hospital course, the infants were placed in one or more of three groups according to the following clinical, roentgenographic, and laboratory criteria.
Group 1, asymptomatic infants, consisted of 25 infants without clinical signs of respiratory distress17 "8 or patent ductus arteriosus. '9-22 At the time of study, no infant required supplemental oxygen; hemoglobin was greater than 10 g%, and hematocrit was greater than 30%. At the time of study weights ranged from 720-2300 grams with a mean of 1526 grams; chest roentgenograms were normal or showed minimal evidence of pulmonary disease.
Group 2, infants with pulmonary disease, consisted of 17 premature infants with clinical respiratory distress"7 18 and laboratory and roentgenographic evidence of moderate to severe pulmonary disease at the time of echocardiographic study. Weights ranged from 810-2300 grams with a mean of 1511 grams. Nine infants had a roentgenographic diagnosis of respiratory distress syndrome (hyaline membrane disease), four had diffuse atelectasis or aeration disturbance, three had bronchopulmonary dysplasia, and one had transient tachypnea of the newborn. All infants required an increased concentration of ambient oxygen. Assisted ventilation was necessary in five while continuous positive alveolar pressure was required in two. The presence of a PDA at the time of study was excluded by clinical means,'9 22 and infants with signs of a significant PDA during the subsequent hospital course were excluded from this group.
Group 3, infants with patent ductus arteriosus in the presence or absence of pulmonary disease, consisted of 40 infants. All had signs of PDA 9-22 including active precordial impulse, bounding peripheral pulses, and systolic or continuous murmur at the upper left sternal border and infraclavicular area at the time of echocardiographic study.
Thirty-three group 3 infants had signs of respiratory distress'7 18 and laboratory and roentgenographic evidence of moderate to severe pulmonary disease at the time of study, while seven were clinically asymptomatic and had essentially normal roentgenograms or minimal evidence of pulmonary disease prior to the clinical detection of the PDA. At the of the degree of shunting and the signs of congestive heart failure are difficult to interpret in the presence of significant pulmonary disease. Roentgenographic33 and electrocardiographic3538 studies are also of limited value particularly in the presence of pulmonary disease. In this study, the roentgenographic diagnosis of cardiomegaly and/or pulmonary edema was considered in only seven of 34 infants with PDA and pulmonary disease (five of 22 in whom large caliber PDA was observed intraoperatively), whereas the diagnosis was more apparent in five of seven prematures without pulmonary disease.
Accurate measurements of cardiac chamber sizes and indices of cardiac performance may be readily obtained by echocardiographic evaluation of critically ill premature infants. Several methods have been utilized to assess the significance of PDA in the premature and include: 1) the determination of absolute left atrial and ventricular dimensions, and 2) the ratio of left atrial to aortic dimensions (LA/AO ratio)."
I We have continued to rely upon absolute left atrial and ventricular dimensions. All infants with a large caliber PDA at operation had significantly increased LAD and/or LVED (table IC, figs. 3, 4) . Of the surgically treated infants with left atrial enlargement, 81% had increased LVED prior to and 87% had increased LVED during medical treatment for congestive heart failure. Increased LVED in the presence of normal LAD was observed initially in only one infant. It is possible that left atrial enlargement was seen more frequently because the left atrium is more compliant than the left ventricle, and volume overload may cause left atrial dilatation prior to left ventricular dilatation. Dimensions in surgically treated infants were significantly greater than those of medically treated infants. Postoperatively (figs. 3, 4) dimensions decreased significantly (table 1D) and returned to normal despite persistent moderate to severe pulmonary disease and the need for assisted ventilation in the majority. Return to normal occurred in nine of 12 studied within the first 24 hours postoperatively. Values for cardiac dimensions in medically treated infants were significantly greater than those of controls (table IC) . In contrast to surgically treated infants, the enlargement of chambers frequently persisted or increased in spite of therapy for cardiac failure and clinical improvement. Dimensions ultimately returned to normal upon spontaneous closure of the PDA.
In contrast to infants with PDA, no control infant had increased (i.e., false positive) values for left cardiac dimensions. It is appreciated that a clinically undetected PDA may have been present in some group 2 infants with normal dimensions (i.e., a false negative value). However, a large flow PDA seemed unlikely in these infants in view of the consistent and normal serial dimensions in these infants in the symptomatic and asymptomatic state, the relatively uncomplicated course with rapid resolution of pulmonary disease, and the absence of congestive heart failure during the hospital course. Subsequent to ligation of the PDA, the majority of premature infants had persistent severe pulmonary disease, and dimensions did not differ significantly from controls. Thus, the 95% prediction limit for dimensions appears and increased %SID may serve as an index of significant left-to-right shunt through the PDA. However, a single value of %SID is of limited use for the assessment of left ventricular contractility in the presence of decreased left ventricular afterload. Nevertheless, serial evaluations of the left ventricular %SID may provide indications of relative changes in myocardial contractility or afterload. In the premature, a large PDA is associated with left atrial and ventricular enlargement and in the majority of infants an increased %SID (table 2). In the presence of increased shunting through the PDA associated with a decreasing pulmonary vascular resistance (i.e., diminished left ventricular afterload) and increasing left cardiac dimensions, a decrease of %SID on serial determinations may suggest a relative deterioration of left ventricular contractility (table 2) .
Thus, echocardiography may provide valuable insight into the hemodynamic and clinical status of critically ill premature infants with patent ductus arteriosus in the presence or absence of pulmonary disease. Because of the trends toward surgical treatment of the PDA in prematures,23' 24 it is essential that objective criteria be established for the assessment of the cardiovascular status of these infants. This study has correlated echographic findings with currently accepted clinical criteria of significant patent ductus arteriosus. In view of the limitations of clinical assessment of babies with PDA and pulmonary disease, it is evident that there is a need to correlate echocardiographic and hemodynamic data in future studies.
Hopefully, as our experience broadens, serial echocardiographic assessment may provide objective criteria with which to identify noninvasively those infants with PDA who would benefit most from medical and/or surgical intervention.
